cal weed-control costs (Harmon et al., 1989; Segarra et al., 1991).
have reported enhanced yields of cotton from conservafor dry matter partitioning, light interception, bloom counts, nodes tion tillage systems compared with conventional systems above white bloom (NAWB), lint yield, yield components, and fiber (Wiese et al., 1994; Clark et al., 1996; Karlen et al., 1996;  quality were collected. Slower emergence delayed development of the no-till cotton throughout both seasons. No-till plants averaged Hunt et al., 1997) . Research indicates that any yield 42% less leaf area index (LAI) during prebloom and 27% less LAI benefit derived from conservation tillage may not be at midbloom than plants in conventional tillage before recovering to seen until after multiple years of using the system (Triphave similar late-season LAI. Conventional tillage plants intercepted lett et al., 1996) . Yield increases have been attributed 28% more sunlight during prebloom and 17% more sunlight at midto improved soil moisture under conservation tillage bloom before both tillage treatments reached canopy closure late in (Harmon et al., 1989; Baumhardt et al., 1993; Daniel et the season. Flower production and cutout (NAWB ϭ 5) were delayed al., 1999) . Lascano et al. (1994) showed that while both ventional tillage. Stand establishment problems with notill systems have been shown to be associated with no yield response or a negative yield response (Hicks et C onservation tillage in row crop production has Stevens et al., 1992; Colyer and Vernon, 1993 ; proliferated in the USA during the past two deWheeler et al., 1997) . cades. These minimum-tillage practices allow growers to Work devoted to characterizing the physiological or produce viable yields while reducing soil erosion to levgrowth and development response of cotton to conserels that comply with most soil conservation mandates. vation tillage has been limited compared with the yield Implementation of conservation tillage in the Mississippi question. Hicks et al. (1989) found no differences among Delta has been slow, however, partly because the soil erotillage treatments for the yield components of bolls per sion process is not as visually obvious on a level terrain. plant or lint per plant during one year. In another 1-yr Declining profit margins have forced Mississippi Delta study, Lascano et al. (1994) reported that strip-tilled cotton had greater height and leaf area index (LAI) cotton producers to reassess all of their cultural practhan conventionally tilled cotton early in the growing tices. Producers have been motivated to consider conseason but that these differences dissipated by season's servation tillage as a means of reducing inputs for many end. Stevens et al. (1992) showed that no-till cotton had cotton production systems. Input savings from conservafewer fruiting sites per plant but lower rates of fruit tion tillage come primarily from reduced use of tillage abscission than conventionally tilled cotton. Their data equipment. These savings are manifested as decreased also showed that the conventionally tilled cotton profuel consumption, longer machinery life, reduced horseduced more bolls on the lower fruiting nodes than did power requirement, and lower labor requirements. These the no-till cotton. In contrast, Triplett et al. (1996) remay be offset, however, to a degree by increased chemiported that no-till cotton had more nodes, fruiting sites, and bolls. (Bauer and Green, 1996) . To date, none of these nitrate solution was knifed in beside each row. The plots were studies has utilized okra-leaf genotypes that possess not irrigated in either year of the study.
traits that possibly allow for better utilization of soil
The experimental design was a randomized complete block moisture (Karami et al., 1980; Pettigrew et al., 1993 
MATERIALS AND METHODS
were counted. Samples were dried for 48 h at 65ЊC, and dry weights recorded. Field studies were conducted in 1997 and 1998 at Stoneville, The percentage of photosynthetic photon flux density (PPFD) MS on a Dubbs silt loam (fine-silty, mixed, thermic Typic Hapintercepted by the canopies was determined with a LI 190SB ludalfs). Cotton was the previous crop grown on the experipoint quantum sensor (LI-COR, Lincoln, NE) positioned mental area during the 1996 growing season before initiation above the canopy and a 1-m-long LI 191SB line quantum of this study. Following shredding of cotton stalks during the sensor placed on the ground perpendicular to and centered fall of 1996 and 1997, wheat was broadcast-seeded on the area on the row. Two measurements were taken per plot, and in mid-October to serve as a winter cover crop along with any the mean of those two measurements was used for statistical winter weeds that developed. Areas receiving the conventional analyses. These measurements were taken under clear skies tillage treatment were then disk-harrowed in early March of at 42, 54, and 82 DAP in 1997 and 45, 62, and 91 DAP in 1998 . each year. During mid-March, approximately 8 wk before plantBeginning at the initial sign of blooming, weekly counts of ing, 0.84 kg ha Ϫ1 of pendimethalin [N-(1-ethylpropyl)-3,4-diwhite blooms (blooms at anthesis) per plot were conducted methyl-2,6-dinitro-benzenamine] and 0.28 kg ha Ϫ1 norflurazon to document the blooming rate throughout the growing sea-
son. The number of main-stem nodes above a sympodial pyridazinone] were soil-applied but not incorporated to all plots.
branch that had a white bloom at the first branch fruiting In late March, the conventionally tilled plots were bedded on position (NAWB) were also counted weekly on three plants 1.02-m centers. Two weeks before planting in 1997 and 4 wk per plot to document the progressive reproductive developbefore planting in 1998, paraquat dichloride (1,1Ј-dimethylment up the stem and crop maturity. 4,4Ј-bipyridinium dichloride) was preplant, foliar applied to Canopy temperature measurements were taken under clear the entire experimental area to fully terminate the wheat in skies during the afternoon at 68 and 83 DAP in 1997 and the no-till plots and any remaining winter weeds in the conven-76 DAP in 1998 using a Telatemp Model AG-42 infrared tional tillage plots.
thermometer (Telatemp Corp., Fullerton, CA). This instruCotton was planted on 7 May 1997 and 5 May 1998. Both ment recorded both canopy surface temperature and the diftillage treatments were planted using a JD 7300 vacuum planter ference between canopy surface temperature and ambient air (John Deere, East Moline, IL 1 ) equipped for no-till planting temperature. Two instantaneous measurements were taken (added fluted coulters, increased pressure on springs, and a per plot, and the mean of those two measurements were used 15% increased seeding rate). At planting, 0.84 kg ha Ϫ1 aldicarb for statistical analyses.
Yield was determined by hand-harvesting 4.6 m of row from moyl) oxime] was applied in-furrow to aid early season insect the inner plot row that was not used in the dry matter harvest, control. Later, insecticide applications were made as needed.
avoiding the ends of the row. 
RESULTS AND DISCUSSION
had a 16% lower height/node ratio than the conventionGenotypes behaved similarly under both tillage treatally tilled plants. Plants in the no-till treatment continments for all of the traits examined. There were no sigued to demonstrate significantly reduced growth during nificant or meaningful tillage ϫ genotype interactions.
midbloom (61 and 64 DAP in 1997 and 1998, respecTherefore, tillage treatment means were averaged tively) in 1997 when plants were 16% shorter, had 27% across genotypes.
lower LAI, and had a 14% lower height/node ratio in the Seedling emergence was 2 to 3 d slower in no-till than no-till treatment. These vegetative growth parameters in conventional tillage for both growing seasons (data were not statistically different from those in convennot shown). Stand counts at 40 DAP showed that the tional tillage in 1998. In both 1997 and 1998, plants in conventional tillage had a significantly higher populano-till plots averaged 44% less reproductive growth, tion density (16 plants m Ϫ2 ) than the no-till plots (12 which contributed to a 29% lower harvest index (reproplants m Ϫ2 ) in 1997. Similar population density differductive dry weight/total dry weight) than in convenences were recorded at 22 DAP in 1998 when plots of tional tillage plots during midbloom. When dry matter conventional tillage had 15 plants m Ϫ2 , whereas those harvests were taken during cutout (a period of slowing of no-till had 8 plants m Ϫ2 . The 8 plants m
Ϫ2 is a bordervegetative growth and flowering due to strong demand line low density for optimum yield of the okra-leaf genofor assimilates by the existing boll load) (90 and 91 DAP types, and the 15 to 16 plants m Ϫ2 is a borderline high in 1997 and 1998, respectively), the vegetative growth density for the normal-leaf genotypes (Heitholt, 1994) .
of no-till plants had caught up to that of conventionally Hicks et al. (1989) and Wheeler et al. (1997) reported tilled plants. No differences were detected between tillsimilar stand reductions when cotton was planted with age treatments for plant height, LAI, height/node ratio, conservation tillage into wheat stubble. Stevens et al.
or any other vegetative parameter for either year at that time. In 1997, plants in conventional tillage continued (1992) reported stand reductions for no-till cotton with to demonstrate increased reproductive growth and a when white bloom counts were taken, more white blooms per square meter of ground area were observed in the greater harvest index at cutout than did plants in notill. At cutout in 1998, no differences in reproductive conventional tillage system than in the no-till system (Fig.  2) . These bloom count differences reflect the reproducgrowth were detected between tillage treatments.
The retarded growth and development of plants in tive dry-weight differences previously mentioned. Monitoring the number of main-stem nodes above a sympono-till also delayed canopy closure. Canopies of conventional tillage intercepted significantly more sunlight than dial branch with a first-position white bloom estimates the reproductive maturity of the plant. At NAWB ϭ 5, those of no-till on all measurement dates except for the cutout measurement date (91 DAP) in 1998 (Fig. 1) .
the crop is considered at cutout, and any contribution of additional flowers to yield is likely to be small (BourPrebloom, conventional tillage canopies intercepted approximately 38% more PPFD than did no-till canopies. land et al., 1992) . On all data collection dates in both years, except for the last collection date in 1998, no-till This PPFD interception difference between tillage treatments decreased over time, and the conventional tillage plants had more nodes above white bloom than plants in conventional tillage (Fig. 3) . It is clear from Fig. 3 that had only 21% increased light interception by midbloom. By cutout, both tillage treatments were essentially at canthe conventional tillage treatment reached NAWB ϭ 5 or cutout before the no-till treatment. opy closure and intercepting the same amount of sunlight even though a 4% greater interception by the canoPrevious studies indicated that plants grown under conservation tillage used soil moisture more efficiently pies of conventional tilled plots in 1997 was significant. These differences in canopy PPFD interception between (Harmon et al., 1989; Baumhardt et al., 1993; Daniel et al., 1999) and had higher cumulative crop transpiration tillage treatments, throughout the growing season, closely matched the LAI differences between treatments.
(Lascano et al., 1994) than those in conventional tillage. This higher cumulative transpiration could cause greater Much like vegetative growth, reproductive development of the plant was delayed or reduced when grown evaporative cooling of the leaves, possibly lowering the canopy temperature. We were, however, unable to deunder no-till conditions. At all dates during both years tect any measurable differences in canopy temperature between tillage treatments for either year of the study ( Table 2 ). The two tillage treatments also produced similar data for the differences between the canopy temperature and the ambient air temperature. Lint yields from no-till were approximately 11% lower nodes (Nodes 1-5) than did no-till (Table 4 ). The mapping data are further evidence of the delayed development in no-till plots. Fiber quality was inconsistently affected by the tillage treatments (Table 5 ). Both micronaire and fiber maturity, a component of micronaire, were reduced 4% in the 1997 no-till treatment. In 1998, the micronaire and fiber maturity responses were reversed and were 7 and 5% greater, respectively, in no-till compared with conventional tillage. Fiber strength was 2% greater in conventional tillage compared with no-till in 1998, but the tillage treatments did not differ in fiber strength in 1997. ent tillage effect is probably an indirect response. The differences observed in fiber quality between tillage than yields produced using conventional tillage. While yield differences between tillage treatments were signifitreatments are most likely due to different weather conditions encountered during blooming for the two tillage cantly different only in 1997, the lint yield means of 1998 tillage treatments were different at P Յ 0.07. The treatments ( Table 6 ). The onset of reproductive growth was delayed in no-till (Fig. 3) , shifting the bloom period number of bolls per square meter was the most consistent yield component contributing to the increased lint to a later time in the growing season relative to conventional tillage. Because of this shift in the bloom period, yield seen with conventional tillage, with 10% more bolls per square meter in conventional tillage than in no-till plants experienced slightly different weather and insect dynamics during reproductive growth than did no-till. Reduced lint percentage and boll mass also contributed to the lower lint yields measured in the 1997 plants in conventional tillage. Yield data from this study do little to clarify the inconno-till treatment. The delayed plant development in notill during both growing seasons (Table 1 ; Fig. 1-3) was sistent yield responses of cotton to conservation tillage reported in the literature. The significant negative yield maintained through harvest. Of the total cotton harvested, no-till had 32% less picked on the first harvest response to conservation tillage in the first year of the study, followed by similar yields produced by both tillthan did conventional tillage (Table 3) . Plant mapping data collected in 1997 showed that conventional tillage age treatments during the second year of the study (notill had significantly lower yields at the P Յ 0.07 level), plants produced more bolls on the lower main-stem are not encouraging for the use of no-till in the MissisYears 3 to 5, no-till plants were earlier in maturity than those in conventional tillage. Stevens et al. (1992) resippi Delta. In all fairness, 2 yr may be too short a time period for the benefits from conservation tillage to be ported cooler soil temperatures shortly after emergence under no-till conditions compared with conventional realized. Triplett et al. (1996) did not find increased cotton yields from using no-till until after 3 yr in a tillage, which may be the underlying reason for the delayed development seen in the no-till treatments. Tripno-till production system. Yield benefits attributed to conservation tillage after multiple years in the system lett et al. (1996) offered no explanation for no-till plants exhibiting accelerated maturity during the later years have also been reported in soybean [Glycine max (L.) Merr.] (McGregor et al., 1992) and corn (Zea mays L.) of their study after having delayed development during the first 2 yr of the study. (Griffith et al., 1988) . While the short period of this study did not allow it to address any possible longDelayed development under the no-till conditions of our study meant that the blooming period was shifted to term benefits derived from conservation tillage, the data dramatically illustrate some short-term pitfalls that prolater in the growing season; therefore, no-till plants encountered different weather patterns during bloom than ducers will encounter when initially converting an existing conventional tillage production system to a no-till did those in conventional tillage (Table 6 ). Differences observed in lint yield and fiber quality between tillage system.
The most obvious tillage response seen in this study is treatments can probably be attributed to the different weather conditions experienced during the blooming delayed development in LAI (Table 1) , canopy closure (Fig. 1) , and reproductive growth ( Fig. 2 and 3 ) in no-till.
period by plants in the two tillage treatments. Development of cotton cultivars with enhanced germination and This delayed development of plants in no-till culminated with less of the total yield being obtained on the first seedling growth under cooler temperature regimes might allow a no-till cotton production system to avoid the harvest compared with that of conventional tillage and is similar to the first-harvest data reported by Stevens developmental delays seen in this study. Despite the delayed development and reduced lint et al. (1992) and Brown et al. (1985) . Triplett et al. (1996) reported earlier maturity for conventionally yields associated with no-till in this study, the concept should not be disregarded. This study did not address tilled cotton during the first 2 yr of their study, but in economic issues. Thus, if Delta producers are able to re- der no-till as has been done by Texas high-plains producPrecipitation Thermal units † Solar radiation ers (Harman et al., 1989; Keeling et al., 1989; Segarra et al., 1991) , this production system may find a niche 1997 1998 1997 1998 1997 1998 among Mississippi Delta cotton producers. In addition, cm MJ m Ϫ2
Month
yield benefits (Triplett et al., 1996) to the fact that tillage systems did not interact with ge-
